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ABSTRACT. Porcinc genomic DNA encoding a 55 kDa subunit of interleukin-2 receptor (IL-2R), which is termed a chain (IL-2Ra), was 
cloned by repeated plaque hybridization using IL-2Ra cDNA as a probe. Two different lambda phage clones, one of which encoded exon 
1 and the 5 '-upstream flanking region of IL-2Ra gene and another encoded the sequence from exon 2 to exon 8, were isolated. By 
an£ilysis of the 5 '-upstream region of the gene, putative binding motifs for transcription factors such as GATA family proteins, Ikaros, NF- 
kB, NF-IL2Ra and SRF, were found as described in human, murine and bovine genes. Two additional motifs for STAT4 binding were 
also found in this region. Moreover, using the FISH technique, we assigned the porcine IL-2Ra locus to the distal end of the long arm of 
chromosome 10 (I0q6-qter) where the vimentin gene had been assigned nearby. 
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Interleukin (IL)-2 receptor (IL-2R), is a heterotrimeric 
complex composed of non-covalently associated 55, 75 and 
65 kDa subunits designated a, /3 and /chains, respectively [3, 
26]. The /? and / chains, which are the components shared 
with IL-15R [8], are constitutively expressed on the surface of 
a wide variety of blood cells, and fomi an intemiediate aftinity 
receptor for IL-2 (Kd=l x 10"^). In contrast, the a chain, 
which is well known as an affinity converter molecule, is 
mainly expressed on peripheral mature T cells after antigenic/ 
mitogenic activation in vitro and in vivo [17]. Although the a 
chain does not induce any intracellular signal alone, it 
increases the receptor affinity at least 100-fold (Kd= 1 x 10"^^) 
by associating with a pre-existing /?/ receptor complex men- 
tioned above [17]. Consequently, such affinity conversion 
results in the drastic enhancement of IL-2-dependent prolifer- 
ation of responding T cells. The up-regulation of IL-2Ra gene 
transcription is, therefore, one of the keys for T cells to exert 
their immunological activities. 

In human and mice, the regulatory mechanism of IL-2Ra 
gene expression has been investigated extensively and several 
response elements have been identified in the 5 '-upstream 
region of the genes [4, 11, 12, 21, 24]. Despite these reports, 
the mechanism of basal/induced expression of IL-2Ra has not 
been completely elucidated. Recently, we reported cDNA 
cloning of porcine IL-2Ra gene and the detection of mRNA in 
mitogen-activated porcine peripheral blood mononuclear cells 
(PBMCs) [13]. In pigs, IL-2Ra is the only activation/differen- 
tiation marker of lymphoid cells that was classified by the 
Intemational Swine CD Workshop [22]. Therefore, under- 
standing of the molecular basis on the transcriptional regula- 
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tion of this gene would provide useful information of the 
activation and the matm'ation of swine lymphoc34es. To 
explore the mechanism, we isolated genomic clones that 
encoded porcine IL-2Ra and determined their nucleotide 
sequences including the promoter/enhancer region (Genbank 
accession No. AF052037 and AF036005). Moreover, we per- 
formed the chromosomal mapping of the IL-2Ra locus using 
a fluorescence in situ hybridization (FISH) technique for the 
development of comp^ative map of the mammahan chromo- 
somes. 

MATERIALS AND METHODS 

Screening of a porcine genomic DNA library: Lambda (X) 
FIX II phage clones encoding porcine IL-2Ra gene were iso- 
lated from approximately 1x10^ clones of a porcine genomic 
DNA library (Stratagene, La JoUa, CA) by repeated plaque 
hybridization as described by Sambrook et al [23]. For the 
preparation of a hybridization probe, a Pvu II fragment (1.1 
kbp) of porcine IL-2Ra cDNA clone, p2r, was labeled with 
^^P-a-deoxy CTP (NEN, Boston, MA) using the Megaprime 
DNA labeling system (Amersham Pharmacia Biotech, Upp- 
sala, Sweden). Six positive clones were selected by restriction 
endonuclease digestion and Southern blot hybridization. 
These were then subjected to DNA sequencing analysis after 
subcloning of their inserts into a plasmid vector, pT7 (Invitro- 
gen. Leek, the Netherlands) or pBluescript II SK(-) (Strat- 
agene) . 

DNA sequencing: DNA sequencing analysis was per- 
formed with the Thermo Sequenase DNA Sequencing Kit 
(Amersham Pharmacia Biotech) using an automatic DNA 
sequencer, the A.L.F. express (Amersham Pharmacia Bio- 
tech) as described in manufacturer's protocol. 
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Primer extension analysis: Primer extension analysis was 
perfomied as described previously [18] with slight moditlca- 
tions. In brief, Cy5 -labeled oligonucleotide primers 
(CyP2REXl; 5'-GCCATGCAGCCGGGTATC-3' and 
CyP2UlAS; 5'-AGCTGCCAGCTACGACGTG-3'), which 
were complementary to the flanking sequences of the transla- 
tion start site, were annealed with 5 jig of RNA prepared from 
con A-stimulated porcine PBMCs in a buffer containing 125 
mM KCl, 25 mM tris-HCl, pH 8.8, 10 mM MgCI,, 0.25% Tri- 
ton X-100, 10 mM dithiothreitol, and 20 U of RNasin Ribonu- 
clease Inliibitor (Promega, Madison, WI). After the addition 
of dATP, dCTP, dTTP and deaza-dGTP (1 mM each), a 
primer extension reaction was carried out with 20 U of molo- 
ney murine leukemia virus (M-MLV) reverse transcriptase 
(Gibco BRL, Gaithersburg, MD) at 48°C, for 1 hr. A reaction 
without the enzyme was carried out for the negative control 
experiment. After RNase treatment, the synthesized DNA 
was extracted with phenol-chloroform (1:1), precipitated in 
ethanol and resolved in 4 jil of distilled water. The same vol- 
ume of stop buffer from the AutoRead Sequencing Kit (Amer- 
sham Phamacia Biotech) was added, then, the mixture was 
loaded into the gel of the A.L.F. DNA sequencer. The electro- 
phoresis pattern was analyzed in the aid of the program. Frag- 
ment Manager Ver. 1 .2 (Amersham Phamiacia Biotech). 

Fluorescence in situ hybridization (FISH): For the assign- 
ment of the fragments to porcine chromosomes, lymphocytes 
were cultured as described elsewhere [20, 3 1] to prepare chro- 
mosome-spreads. For the probe, a mixture of DNA of the 
phage clones containing a part of lL-2Ra gene was labeled 
with biotin-16-dUTP using a nick translating kit (Boehringer 
Mannheim Co., Germany). Two-hundred-fifty nanograms of 
the labeled probe DNA, 5 fig of porcine Cot-5 DNA (repeti- 
tive sequence -emiched DNA), and 3 jig of herring sperm 



DNA was dissolved in a 10 /i/ of formamide and denatured at 
75°C for 10 min, tbllowedby mixing with 10 jjlI of the hybrid- 
ization buffer (4x SSC, 100 mM phosphate buffer, pH 7.0, 
20% dextran sulfate, 2x Denh^dt's solution, and 0.2% SDS). 
The resulting mixture (20 jiT) was incubated for 15 min at 
37°C to reduce the hybridization signals of repetitive 
sequences, before applying to chromosome spreads, then with 
chromosome spreads for 16 hrs at 37°C to hybridize the probe 
DNA to chromosomal DNA. After hybridization, the spreads 
were rinsed and processed for detection of the hybridization 
signals on R-banded chromosomes as described previously 
[2]. 

RESULTS 

Genomic DNA cloning: Two different groups of X FIX 11 
phage clones, one of which had an insert encoding the first 
exon of porcine IL-2Ra gene and its flanking upstream 
sequence, and another containing the sequence extending 
from exon 2 to exon 8, were isolated from approximately one 
million of independent clones of a ^ phage libraiy. Restriction 
enzyme maps and exon/intron structures in Not I fragments of 
representative isolates designated clone U2 1 and clone 10 1 are 
shown in Fig. lA. The lengths of the exons (exon 1-8) 
appeared to be 288 bp, 192 bp, 1 14 bp, 228 bp, 72 bp, 72 bp, 
67 bp and >400 bp, respectively. A BamH I fragment (1247 
bp) of clone U2 1 , which encoded the proximal flanking region 
of exon 1, was cloned into pBluescript II and subjected to 
DNA sequencing analysis (Fig. IB). In contrast to other mam- 
malian IL-2Ra genes, a single TATA-box like sequence 
(TATATTT) was observed in the porcine gene at the position 
of -260 bp with respect to ATG translation st^ site immedi- 
ately downsti'eam of the short poly d(A) tract. By fuither anal- 
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Fig. 1. The genomic structure (A) and 5 -upstream sequence (B) of porcine IL-2Ra gene. (A) The restriction endonuclease map of 
porcine IL-2Ra gene obtained from clone U21 and clone 101 is shown. Each exon was indicated as a box. The direction and extent 
of sequencing are indicated by horizontal arrows. The size of exon 8 was estimated from the distance to the first polyadenylation 
signal. (B) The nucleotide sequence of exon I (upper case) and its flanking region (lower case) are shown. The position of the first 
adenine of the translation start site (ATG) is indicated as -I- 1. The consensus motifs for GATA family proteins, NRE-2, SRF, Ikaros, 
NF-kB, NF-IL2Ra and STAT4 were underlined. The poly d(A) tract is also underlined. A TATA box sequence is indicated by a 
box. Tlie sequences corresponding to the complementary oligonucleotide primers for primer extension are shown in boldfaced italics. 
The determined positions of the transcription initiation sites are indicated by arrows. 
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gaattctgag* tatggatcag tttgctgctt ccttttcaat gacctgaata -1196 

ttggagaccc catcctgacg cccactagac tttgaaaaaa tgttattgaa -1146 

atttagttca tctacaatgt tgtgttaatt tctgctatat agcaaagtga -1196 

tttgaataca tacacacaca cacatatgta tataatggaa aaggctatga -1046 

aagaaaagac tatat agata g tcatatgta agactgtgaa agagaagata -996 

GATA 

tatatatata acatggaaaa cacaaggaaa agtatatacg tatatattct -946 

ttttcatagt ccttctccgt catggt ttat ca cgabactg aacatagctc -896 

GATA 

cctgtgctct acagtaggac ctgggcattt atccatctat atgcactagt -846 

ttgcatctgc taatcccaaa ctcccgatcc atccctcccc tcccctctcc -796 

ccctcggcaa ccccaagtct gttctctagg tctgcaagtc cgtgtctgtl: -74 6 

tcctcga taa gttcatttgt gtcatatttt agattccacg cggaagtggt -696 
STAT 4 

atcacatggt atgtgtcctt ctctgacgga cttcgcttag tgtggtcatc -646 

tccaggtccc tccagattgc tgcacatttt ttaaagagat ccaggcagac -596 

agcttta gga aattccca tt tctggccaag actgctcttc cacacttttg -546 

NF-kB Ikaros 

gcatggcctt gtccccatgt cctgctgact cctctgggag ctgcaagtct -496 

ggggaaggac ctcagcagt t tcacggtg ac atcagtctgt gaaaccctag -44 6 

STAT 4 

atgagCGCac tgccaagaag tgrhtgrtra rrrhccttca acggcagagg -396 

NRE-2 NF-IL2RQ: 

gaatctccc t ct cctttttt g gggggaagc tgaagaaagg attcataaat -346 

NF- K B SRF 

gaaccccagt gctcctcacc aacctcagcc cacacctccc agcaactgaa -296 



cttgaaaaaa acctg gttaa aa ccacttcc tatatttgaa actagagaag -246 



poly d(A) TATA box 

agagtgctat aggcactatt tcctggctga accgaccagg ctgttactta -196 



gacgcagagc cagtgcagac agccccagag cctggacgga cgggcgagga -146 

tgacagcctg agcggaggga gccctcatcc ccgtcctctc ggcgagatgc -96 

taaccagagg ctgacagggc ccggcatccg acggagaaac tcccctcctc -4 6 

ctggccccac gtcgtagctg gcagctgatc ccaaggacca ggaggATGGA 5 

CyP2UlAS +1 

GCCGAGCTTG CTGATGTGGG GATTCTTCAC ATTCACCATG ATACCCGGCT 55 

CyP2REXl 

GCATGGChGq taaggggtca caggggccct tggagtcttg tgggggggct 105 

aaggatgtcg actctcccgg gcacagaatc agagagggca cctgagtaga 155 

cagcagaggg aagggggttg gatcc 180 



ysis of conserved motifs for transcription factors, several 
binding motifs such as for NF-kB, Ikaros and the serum 
response factor (SRF) were found in the region as indicated 
(Fig. IB). It was noteworthy that other additional motifs for 



an IL-12-dependent transcription factor, signal transduction 
activating transcription factor-4 (STAT4), and a poorly char- 
acterized, IL-2Ra gene specific transcription factor, NF- 
IL2Ra [1, 16, 27], were also observed in this region. More- 
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Fig. 2. Determination of the transcription start site of porcine IL- 
2Ra gene. The primer extension products were obtained using 

RNA from con-A activated porcine PBMCs as a template, and 
the fragment size was analyzed on the gel of an automated 
fluorescence DNA sequencer, A.L.F. express. The 
electrophoresis patterns of Cy5-labeled molecular size standard 
(lane 1 and 4), the enzyme omitted control (lane 2) and the 
primer extension products (lane 3) are shown. The retention 
times of the products are indicated at the bottom. 



over, an EcoR. I fragment (approximately 8.5 kbp) of clone 
101 was transferred into pT7 vector, and subjected to the 
nucleotide sequencing. A dinucleotide (CA),^ repeat 
sequence, which would be useful for PCR amplification and 
linkage mapping of the gene, was found between exon 4 and 5 
(intron 4). The sequence data described here have been sub- 
mitted to Genbank and have assigned the accession numbers 
AF052037 and AF036005. 

Determination of transcription initiation site in porcine IL- 
2Ra gene: Primer extension analysis was performed to deter- 
mine the transcription start site by using fluorescence-labeled 
primers and an automated DNA sequencer. Two major exten- 
sion products were detected at the positions of 252 and 286 



base long after the extension with CyP2REXl (Fig. 2), and of 
171 and 205 base long with CyP2UlAS (data not shown), 
respectively. These results demonstrated the transcription 
start sites being at 35 and 69 bp downstream from the 3 '-end 
of TATA box, which seem to be similar with the positions pre- 
viously reported on human [10, 14] and murine [5, 6] genes. 
The 252 bp product generated by the reaction with 
CyP2REXl primer might indicate an alternative transcription 
start site. 

Genomic mapping of porcine IL-2R(X locus: Fluorescence 
in situ hybiidization was perfoiTQed using a mixture of both X 
phage DNAs (U21 and 101) as a probe. More than 150 chro- 
mosomes spreads were inspected under a fluorescence micro- 
scope. A representative chromosome spread possessing 
hybiidization signals is presented in Fig. 3. Hybridization sig- 
nals were consistently observed at the telomeric region of 
swine chromosome lOq-arm. When 96 chromosome spreads 
showing signals were scored for the precise localization on the 
chromosome, it was found that IL-2Ra gene resided in the 
region of swine chromosome 10q6-qter (Fig. 3B). 

DISCUSSION 

Two different types of X clones encoding genomic 
sequences for porcine IL-2Ra were isolated, and the nucle- 
otide sequences of representative clones were determined as 
shown in Fig. 1. Similar to other mammalian IL-2Ra genes 
[14, 25], the porcine IL-2Ra gene was composed of eight 
exons. However, since intron 1, the size of which was inferred 
to be approximately 38 kbp from analogy to the hiuTian coun- 
terpart [25], is not clarified completely, it is incapable of deter- 
mining the entire size of IL-2Ra locus. By screening of a 
BAG library of porcine genomic DNA by PGR, we isolated a 
BAG clone that possessed a 125 kbp genomic insert including 
the full sequence of intron 1 (data not shown). 

Some groups have identified proximal and distal respond- 
ing elements in the 5'-flanking region of human and murine 
IL-2Ra genes, which are critical for both positive and negative 
regulation [4, 11, 12, 21, 24]. As shown in Fig. IB, several 
binding motifs for NF-kB [16], SRF [11], GATA proteins 
[19], Ikaros [7] and a poorly defined protein, NF-IL2Ra [1, 
16, 27] were found in the upstream sequence of porcine IL- 
2Ra gene. These findings show the similarity of this sequence 
with the proximal element in other examined mammalian 
genes. Although the precise mechanism of IL-2Ra expression 
has not been elucidated, this region has been reported to be 
essential for antigen- and IL-1 -induced expression of IL-2Ra 
[21, 24]. In our preliminary experiment using reporter plas- 
mids carrying different regions of the promoter sequence, it 
was observed that the NF-IL2Ra motif contributed to the 
expression of reporter protein at higher extent than the NF-kB 
motif in mitogen-activated murine T-lymphoma cells (unpub- 
hshed data). This observation is consistent with the results of 
other previous reports [16, 27], thus, it is suggested that a com- 
mon, NF-IL2Ra-dependent mechanism may exist in the tran- 
scriptional regulation of these IL-2Ra genes. 

In addition to these motifs, we revealed two potent STAT4- 
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Fig. 3. FISH on swine chromosomes using the lambda phage DNAs containing a part of 
the swine IL-2Ra gene as a probe. The probe was labeled with biotin and hybridization 

was visualized with the FITC-labeled streptavidin/biotinylated anti-streptavidin 
antibody system. Additonally, the chromosomes were stained with propidium iodide to 
induce simultaneous R-banding. Panel (A) shows a representative chromosome spread; 
panel (B), four chromosomes 10 tagged with fluorescence signals. The white scale bar 
is 10 jum. 
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binding sequences (TTTCACGGTG; from -A16 to -A61 and 
TTTCCTCGAT; from 746 to -736), which were not referred 
to in previous reports. To our knowledge, STAT4 can be acti- 
vated by only IL-12, which has been reported to be a pivotal 
cytokine in cell-mediated immunity. Yanagida et ah [30] 
reported that IL-12 induced IL-2Ra expression in Thl cells, 
but not in Th2 cells, after antigenic stimulation. Hence our 
observation suggests the possibility that IL-12 directly regu- 
lates the expression of IL-2Ra through STAT4-activating 
mechanism in Thl cells. On the other hand, Yamamoto et al 
[29] demonstrated that STAT4 bound to GAS-like motifs, 
which were obseived in the distal region of IL-2Ra promoter. 
Thus, crucial sites for STAT4 binding and accurate mecha- 
nisms of IL-12-dependent expression of IL-2Ra gene remain 
to be elucidated. 

By primer extension analysis, we examined the initiation 
site of the IL-2Ra gene transcription. In our data, two major 
initiation sites were identified at 35 bp and 69 bp downstream 
from the TATA box. Interestingly, duplicated TATA box-like 
sequences and multiple initiation sites have commonly been 
obseived among other reported mammalian genes [5, 14, 25, 
33]. In human gene, for example, Ishida et al. [10] have found 
two TATA box-like sequences in the proximal region (5'- and 
3 '-TATA boxes) and demonstrated the existence of multiple 
initiation sites at approximately 30 bp and 70 bp downstream 
from the 3 '-TATA box. Although the biological importance 
of such multiplicity in IL-2Ra gene transcription is not 
known, the TATA box identified in the porcine IL-2Ra gene 
seems functionally equivalent to the 3 '-TATA box of other 
mammalian genes, which controls the transcription from, at 
least, two different initiation sites. 

FISH analysis data demonstrated that IL-2Ra gene resided 
in the region of swine clii'omosome 10q6-qter. In this region, 
the vimentin gene has been locaUzed nearby [32]. The syn- 
teny between IL-2Ra and vimentin genes in the swine chro- 
mosome 10 has been conserved in human chromosome 10 
[15], murine chromosome 2 [28] and bovine chromosome 13 
[33]. However, since the positional relationship of IL-2Ra 
and vimentin genes has not yet been clarified, additional genes 
on swine chromosome lOq-arm, which is identified on human 
chromosome 10 by Zoo-Fish [9], or two-color hybridization 
of IL-2Ra and vimentin genes on the same chromosome 
spread is necessary to determine the relationships in the above 
synthenic group. 

In conclusion, we cloned the genomic sequence of porcine 
IL-2Ra and demonstrated the structure of promoter/enhancer 
region and chromosomal mapping of the locus. Since IL-2Ra 
is the only activation/differentiation marker that has been cer- 
tified on swine lymphoid cells, our data provide useful infor- 
mation to understand the mechanism of lymphocyte 
maturation in pigs. 
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